Osteoclasts direct bystander killing of cancer cells in vitro.
Cytosine deaminase (CD) catalyzes the deamination of 5-fluorocytosine (5FC) to produce the highly toxic chemotherapeutic agent 5-fluorouracil (5FU). A unique feature of the CD/5FC enzyme/prodrug system is its ability to kill adjacent cells via bystander killing. Bystander killing of cancer cells can be mediated by non-cancerous accessory cells transduced with the CD gene; one type of non-cancerous accessory cell found in primary bone cancer and breast cancer metastases to bone is the osteoclast. This manuscript determines if osteoclast precursor cells, transduced with the CD gene, can function as a gene delivery system capable of killing cancer cells. An osteoclast precursor cell line (RAW 264.7, RAW) and authentic bone marrow-derived osteoclast precursor cells were transduced with a retroviral vector containing the cytosine deaminase fusion gene (NCD) composed of the human nerve growth factor receptor and CD genes. RAW cells and bone marrow-derived osteoclast precursor cells transduced with NCD expressed NCD protein and converted 5FC to 5FU. Treatment of NCD-transduced osteoclast precursor cells with the 5FC prodrug resulted in significant killing in vitro. NCD-transduced osteoclasts were co-cultured with either DsRed2-labeled sarcoma cells (2472-DSR) or green fluorescent protein (GFP)-labeled breast cancer cells (GFP-4T1). Treatment of the NCD osteoclast/tumor cell co-cultures with 5FC resulted in bystander killing of 2472-DSR cells (P < 0.006) and GFP-4T1 cells (P < 0.004). These findings demonstrate that NCD-transduced osteoclasts can promote killing of cancer cells and introduce the exciting possibility for developing osteoclast-mediated, CD-based treatment of primary bone cancers and breast cancer metastases to bone.